PATENT ABSTRACTS OF JAPAN 



(1 OPublication number : 2001-137257 
(43)Date of publication of application : 22.05.2001 



<51)IntCI. A61B 19/00 



(21 Application number : 11-321292 
(22)Date of filing : 11.11.1999 



(71 Applicant : OLYMPUS OPTICAL CO LTD 

(72)Inventor : TAKAHASHI YASUSHI 
ONISHI JUNICH1 
SUZUTA TOSHIHIKO 
SASAKI KATSUMI 
AKUI NOBUAKI 
K1MURA KENICHI 
ADACHI HIDEYUKI 
IKEDA YUICHI 
NAKAMURA TAKEAKI 



(54) MEDICAL MASTER-SLAVE SYSTEM 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a medical master-slave system allowing a user 
to arbitrarily set fine movement and agile motion of a manipulator according to each 
kind of handwork, and enabling highly skilled handwork to be achieved through a simple 
operation. 

SOLUTION: This system includes a remote control device serving as a master with 
multiple axes, a medical manipulator serving as a slave having multiple axes and driven 
by remote control of the remote control device to perform observation and/or 
treatment on a part within a living body, and a control means (master control part 4) 
for controlling, according to operation information from the remote control device, the 
corresponding operation of the medical manipulator. The control means has a user 
input means 15 allowing a user to preset the ratio of transmission of operation from 
each axis of the remote control device to the corresponding axis of the medical 
manipulator. 
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Japanese Unexamined Patent Publication 

No. 137257/2001 {Tokukai 2001-137257) 

A. Relevance of the Above-identified Document 

This document discloses prior art as technical 
background of the present invention. 

B. Translation of the Relevant Passages of the Document 

See the attached English Abstract. 

[CLAIMS] 

1. A medical master/ slave system, comprising: 
a remote controlling apparatus, which has a plurality of 
shafts and which serves as a master; 

medical manipulators, each of which is remotely 
controlled by the remote controlling apparatus so as to be 
driven, and each of which is used for observation and/ or 
treatment of an inner part of a living body, and each of which 
has a plurality of shafts, and each of which serves as a slave; 
and 

a control means for controlling movement of a relevant 
medical manipulator in accordance with operation information 
sent from the remote controlling apparatus, 

wherein: 

the control means includes user input means, by which a 
user can beforehand set such an operation transfer ratio that 
movement of an shaft of the remote controlling apparatus is 
transferred to a corresponding shaft of each of the medical 
manipulators. 

2. The medical master/ slave system as set forth in claim 1, 
further comprising: 
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memory means for storing operation transfer ratios which 
can be set by the user in advance, and which respectively 
correspond to manipulations. 

3. The medical master/ slave system as set forth in claim 2, 
further comprising: 

selection means for allowing the user to select an 
operation transfer ratio from the operation transfer ratios which 
are stored in the memory means and which respectively 
correspond to the manipulations. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] 

The present invention relates to a medical master/ slave 
system. 

[0002] 
[BACKGROUND ART] 

Conventionally carried out is a fiberscope surgery using 
a fiberscope and medical equipment for the purpose of carrying 
out various treatments in a body cavity. The fiberscope and the 
medical equipment are inserted through skin, i.e., via a hole 
formed in a body wall such as a belly cavity. Because no large 
dissection is required as such, the surgery is minimally invasive. 
For this reason, such a surgery is frequently used for a surgery 
for removing gallbladder and a part of a lung; or the like. 

[0003] What is expected in such a fiberscope surgery is 
that the fiberscope and the medical equipment to be inserted in 
the body cavity can be moved in the possible widest range. 
Invented in light of this is a medical manipulator including an 
inserting section having a polyarticular structure having 
high-degree of freedom. Such a medical manipulator is 
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disclosed in each of Japanese Unexamined Patent Publication 
Tokukaihei 07-136173/1995 and Japanese Unexamined Patent 
Publication Tokukaihei 08-117238/1996. In each of the patent 
documents, a remote controlling apparatus for remotely 
controlling the medical manipulator has a polyarticular 
structure whose degree of freedom is as high as that of the 
medical manipulator. For ease of the control, the structure of 
the remote controlling apparatus is similar to that of the 
medical manipulator as much as possible, in general. The 
remote controlling apparatus having the same structure as that 
of the medical manipulator makes it possible that movement of 
shafts of the remote controlling apparatus is reflected in the 
medical manipulator. With this, the control becomes easier. 
[0004] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

However, the following problems will occur in future if 
medical manipulators respectively targeted for surgeries are 
pervasive. Specifically, if one remote controlling apparatus is 
exclusively accommodated to one medical manipulator, 
problems will arise in (i) a storage space of remote controlling 
apparatuses and (ii) practice of controlling the remote 
controlling apparatuses. 

[0005] Further, the control operation is difficult because 
the user needs to have control techniques of handling various 
cases, such as (i) a case where the medical manipulator needs 
to be carefully moved, and (ii) a case where the medical 
manipulator needs to be quickly moved even if the move is 
rough. 

[0006] The present invention is made in light of the 
problems, and its object is to provide a medical master/ slave 
system which allows the user to carry out setting arbitrarily 
such that the manipulator is moved carefully or quickly in 
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synchronism with the user's manipulation, and which makes it 
possible to realize a highly technical manipulation by carrying 
out a simple control operation. 
[0007] 

[MEANS FOR SOLVING THE PROBLEMS] 

To achieve the object, a medical master/ slave system 
according to the first invention includes: (a) a remote controlling 
apparatus, which has a plurality of shafts and which serves as 
a master; (b) medical manipulators, each of which is remotely 
controlled by the remote controlling apparatus so as to be 
driven, and each of which is used for observation and/or 
treatment of an inner part of a living body, and each of which 
has a plurality of shafts, and each of which serves as a slave; 
and (c) a control means for controlling movement of a relevant 
medical manipulator in accordance with operation information 
sent from the remote controlling apparatus, wherein: the 
control means includes user input means, by which a user can 
beforehand set such an operation transfer ratio that movement 
of an shaft of the remote controlling apparatus is transferred to 
a corresponding shaft of each of the medical manipulators. 

[0008] The medical master/ slave system according to the 
second invention further includes: memory means for storing 
operation transfer ratios which can be set by the user in 
advance, and which respectively correspond to manipulations. 

[0009] The medical master/ slave system according to the 
third invention further includes: selection means for allowing 
the user to select an operation transfer ratio from the operation 
transfer ratios which are stored in the memory means and 
which respectively correspond to the manipulations. 
[0010] 

[DESCRIPTION OF THE EMBODIMENTS] 

The following fully explains embodiments of the present 
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invention with reference to figures. 

[0011] (Embodiment l) each of Fig. 1 through Fig. 3 is a 
diagram for explaining Embodiment 1 of the present invention. 
Specifically, Fig. 1 is a diagram illustrating a structure of a 
medical master/ slave system to which the embodiment of the 
present invention is applied. Fig. 2 is a block diagram 
illustrating a master control apparatus and a slave control 
apparatus each corresponding to sections shown in Fig. 1. Fig. 
3 is a diagram illustrating a scale table used in the present 
embodiment. 

[0012] A medical manipulator of the present embodiment 
includes a right arm manipulator 9a and a left arm manipulator 
9b. The right arm manipulator 9a includes (i) a manipulator 
main body 7a; (ii) a robot 8a connected with the manipulator 
main body 7a so as to be extendable; and (iii) a narrow hole 
insertion section 11a which can be inserted in a body cavity and 
which has a shape extending in straight. On the other hand, 
the left arm manipulator 9b includes (i) a manipulator main 
body 7b; (ii) a robot 8b connected with the manipulator main 
body 7b so as to be extendable; and (iii) a narrow hole insertion 
section lib which can be inserted in the body cavity and which 
has a shape extending in straight. The manipulator main bodies 
7a and 7b respectively serve as arm mechanisms each including 
a link mechanism and an adjustment mechanism, i.e., 
respectively serve as means for positioning the narrow hole 
insertion sections 11a and lib. Such a structure is fully 
disclosed in Japanese Unexamined Patent Publication 
Tokukaihei 07-136173. 

[0013] The narrow hole insertion sections 11a and lib 
have ends to which end effecters serving as working sections 
are foldably connected, respectively. Each of the end effecters is 
replaceable depending on the purpose of a work to be done by 
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the manipulators 9a and 9b. In this case, holding forceps 10a 
and 10b are provided in the ends of the hole insertion section 
11a and lib, respectively. Each of the holding forceps 10a and 
10b includes an open/ close mechanism for (i) holding and 
removing a tissue in a living body; and (ii) holding a suturing 
needle; and the like. 

[0014] The treatment using the medical manipulator 9a 
and 9b is carried out while viewing a fiberscope inserted from 
another insertion hole (not shown). As shown in Fig. 1, only one 
bending section is provided between the robot 8a and the 
insertion section 11a, and only one bending section is provided 
between the robot 8b and the insertion section lib. Further, 
the lengths of the holding forceps 10a and 10b are sufficiently 
shorter than those of the insertion sections 11a and lib, 
respectively. 

[0015] The number of shafts of each of the manipulators 
9a and 9b is determined in accordance with the following 
conditions (1) and (2): (1) degree of freedom in each position of 
the end effecters and in the orientation (inclination) thereof, and 
(2) constraint of the position of each of insertion holes 12a and 
12b. Concerning the condition (1), six-degree of freedom is 
generally required for the treatment carried out, with the 
orientation of the end effecter set appropriately, with respect to 
an organ, etc., positioned in a certain location of the body cavity. 
Concerning the condition (2), three-degree of freedom is 
required so that too much force is not exerted on a body cavity 
wall 20. Therefore, nine-degree of freedom is required as a 
whole; however, such a treatment can be realized at six-degree 
of freedom by a point lock mechanism. This is fully disclosed in 
Japanese Unexamined Patent Publication Tokukaitei 
07-136173. 

[0016] Further, driving mechanisms (not shown) and. 
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encoders (not shown) are provided in all the six shafts of the 
manipulators, respectively. Each of the driving mechanisms is 
made up of a motor and a transfer mechanism. (See details for 
Japanese Unexamined Patent Publication Tokukaihei 
07-136173.) 

[0017] The present embodiment adopts the "master/ slave 
method" as means for determining an operation instruction to 
be given to the manipulators 9a and 9b. The master/ slave 
method refers to such a method that the operator (user) 
operates master arms 2a and 2b directly by hand so as to 
remotely control the manipulators 9a and 9b. Each of the 
master arms 2a and 2b is a multiple-degree of freedom 
manipulator constructed by combining a plurality of pantograph 
mechanisms. 

[0018] Fig. 2 is the block diagram illustrating the master 
control apparatus and the slave control apparatus each 
corresponding to the sections shown in Fig. 1. The master 
control apparatus has a master operation section 3 for (i) 
detecting respective position /posture information of the master 
arms 2a and 2b, and (ii) transmitting the detected 
position/ posture information to a master control section 4. The 
master control section 4 includes the scale table 16 which 
stores operation transfer ratios (control scales) based on a mode 
(one or more) such that the operation transfer ratios 
respectively correspond to manipulations. Each of the operation 
transfer ratios refers to a ratio of (i) 1 -degree of movement of an 
shaft of the slave side, to (ii) the required degree of movement of 
a shaft of the master side in a certain manipulation. Examples 
of the mode in the scale table 16 include: a standard mode, 
modes 1 through 4, and an arbitrary mode. Moreover, the scale 
table 16 stores, for each of the modes, (i) respective values of 
posture information 6xm, 9ym, 0zm, and 0m which concern the, 
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X axis, the Y axis, and Z axis; and (ii) a value of position 

information Ym. • 

[0019] The master control section 4 further includes user 
input means 15 which allows the user to (i) change the values of 
the posture information and the value of the position 
information of each mode of the scale table, and (ii) set a new 
mode. The change and the setting are carried out before the 
surgery or during the surgery. 

[0020] When the position/ posture information of the 
master arms 2a and 2b is sent from the master operation 
section 3 to master control means 17, the master control means 
17 makes reference to the scale table 16 set by user. The 
master control means 17 changes the operation transfer ratios 
in accordance with a selected mode of the scale table 16 and 
the position/ posture information, and sends the changed 
operation transfer ratios to a slave control section 6 of the slave 
control apparatus via communication means 5. The slave 
control section 6 controls the movement of slave manipulators 
7a and 7b in accordance with the operation transfer scales 
thus received. 

[0021] Embodiment 1 described above makes it possible 
that each operation transfer ratio of (i) the movement of a shaft 
of the remote controlling apparatus and (ii) the movement of a 
shaft of the medical manipulator is set in advance to a ratio 
appropriate for the manipulation. For example, the operation 
transfer ratio is set at low for a shaft requiring subtle movement 
in the manipulation, whereas the operation transfer ratio is set 
at high for a shaft requiring dynamic movement in the 
manipulation. This allows improvement of safety and efficiency 
of the surgery. 

[0022] (Embodiment 2) The following explains 
Embodiment 2 of the present invention with reference to Fig. 4 
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through Fig. 6. The explanation is focused only on a difference 
from Embodiment 1 . 

[0023] Fig. 4 is a block diagram illustrating a structure of 
a master control section 4' according to Embodiment 2. The 
master control section 4' includes selection means 18, which 
makes it possible to arbitrarily select operation transfer ratios 
of each mode in the scale table 16 described in Embodiment 1. 

[0024] Fig. 5 illustrates a structure example of such 
selection means 18. The selection means 18 displays the modes 
(modes 1 through 4 and standard mode). A desired mode is 
selected by pointing a selection switch 18 at the position of the 
mode. With this, the operation transfer ratios can be changed. 

[0025] Fig. 6 illustrates how respective position 
information X', Y\ Z', and Ys of the slave side and respective 
posture information 9xs, 0ys, 9zs, and 9s thereof are 
transmitted from the master side to the slave side via the 
communication means 5. The position information X', Y\ Z', and 
YS of the slave side correspond to the position information X, Y, 
Z, and Ym of the master side, respectively. The posture 
information 9xs, 0ys, 9zs, and 9s of the slave side correspond to 
the posture information 9xm, 9ym, 9zm, and 9m of the master 
side, respectively. 

[0026] Here, the selection means utilizes the switch for 
the mode selection; however, the switch is not only one used for 
the selection. The selection means may utilize another means 
for the selection. Further, even in cases where the operation 
transfer ratios are switched during the. surgery, the control can 
be carried out in accordance with the mode thus selected. 

[0027] Embodiment 2 described above makes it possible 
for the user to arbitrarily select operation transfer ratios in 
accordance with (i) manipulation to be done and (ii) an 
operation mode. Moreover, the selection can be carried out even 
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during the surgery. This makes it possible to shorten time 
required for the surgery and to realize a highly precise surgery. 

[0028] Further, the user can select arbitrary operation 
transfer ratios as such, so that a wide range of manipulations 
can be carried out, i.e., the present system can accommodate 
to various types of manipulation. 

[0029] 

[EFFECTS OF THE INVENTION] 

The present invention makes it possible to provide a 
medical master/ slave system which allows the user to carry out 
setting arbitrarily such that the manipulator moves carefully or 
quickly in synchronism with the user's manipulation, and 
which makes it possible to realize a highly technical 
manipulation by carrying out a simple control operation. 
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